Objective Prolactin (PRL) has been reported to be associated with increased bone turnover, and increased bone turnover is also a feature of skeletal fluorosis (SF). Autocrine/paracrine production of PRL is regulated by the extrapituitary promoter and a polymorphism in the extrapituitary PRL promoter at -1149 (rs1341239) is associated with disturbances of bone metabolism in other diseases. Here, we have investigated the possibility that the rs1341239 polymorphism is associated with SF, which results from the consumption of brick tea.
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Introduction
The beneficial and detrimental effects of fluoride on human health are well established. A moderate amount of fluoride plays a critical role in preventing and controlling dental caries [1] . However, excessive exposure to fluoride can lead to skeletal fluorosis (SF) and dental fluorosis, which are caused by the disturbance of the bone metabolism and imbalances in enamel development, respectively. Fluorosis has been repeatedly documented in many field investigations and community surveys, for example, in Argentina, Brazil, Canada, China, Germany, India, South Africa, United Republic of Tanzania, and USA [2] . SF is more seriously than dental fluorosis as it causes pain and damage to bones and joints [3] and has the potential to cause permanent disability. The brick tea type fluorosis is prevalent in the northwestern area of China, including Tibet, Qinghai, Sinkiang, and Inner Mongolia, where members of minorities often drink brick tea (compressed black tea or green tea) with a high fluoride content, instead of drinking water [4] [5] [6] [7] . It is important to note that 31 million people are affected [8] . Thus, it is crucial to explore new risk factors for fluorosis to improve prevention and treatment.
Fluoride toxicity depends on the following factors: () the total dose ingested, (ii) the duration of exposure, (iii) the nutritional status, and (iv) the body's response. Among these factors, the amount of ingested fluoride is the major risk factor for fluorosis [9] . However, epidemiological and animal studies have shown individual differences in relation to the severity of dental fluorosis [10] [11] [12] [13] [14] . Single nucleotide polymorphisms (SNPs), which strongly correlate with disease susceptibility, have attracted researchers' attention. Studies on children exposed to high concentrations of fluoride, report polymorphisms in the collagen type I alpha 2 or the estrogen receptor genes to be risk factors for dental fluorosis [12, 15] . Our previous study showed that the G allele of the glutathione S-transferases pi class (GSTP1) gene rs1695 might be a protective factor against brick tea type SF [16] . SF is characterized by a high bone turnover, which may lead to bone sclerosis, bone softening, osteoporosis and heterotopic ossification. Therefore, genetic factors, especially SNPs, which may affect bone metabolism, may influence the pathogenesis of fluorosis.
Prolactin (PRL), produced by anterior pituitary gland [17] and various extrapituitary sites [18, 19] , is known to be associated with bone turnover. In addition to its classic function in mammary gland development and lactation, as PRL receptor is a member of cytokine receptor superfamily, PRL has been proposed to play multifunctional cytokine role [20] . Moreover, PRL is also synthesized and secreted by peripheral blood mononuclear cells (PBMCs) [21] and has been reported to promote lymphocytes proliferation, interacts with cytokines and functions as coactivator [22] . It is known that the expression of PRL is control by two different promoters: one controls the pituitary PRL production and the other controls extrapituitary prolactin production [23] . PRL -1149 G/T (rs1341239) polymorphism, which located in the extrapituitary promoter region, has been reported to regulate PRL mRNA expression in the T lymphocytes [24] . PRL rs1341239 alters protein-binding characteristics through binding to a GATA-related factor and PRL rs1341239 G allele generated higher levels of PRL in T lymphocytes [24] . It is worth noting that immune cells exert an indispensable role in regulating the activity of bone cells [25] [26] [27] [28] . Moreover, multiple reports have shown PRL rs1341239 is related with rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE), in which disturbance of bone metabolism is increased [19, 22, 24, 29] . To sum up, the PRL rs1341239 may be associated with bone turnover.
Thus, we hypothesized that PRL rs1341239 polymorphic variations are potentially associated with brick tea SF. We conducted a cross-sectional study in three provinces (Sinkiang, Qinghai, Inner Mongolia) in China to investigate the relationship between PRL rs1341239 polymorphisms and SF.
Materials and methods

Subjects
We conducted a cross sectional investigation in sixteen villages from the Xinjiang, Qinghai, Inner Mongolia provinces in China in 2012. People above the age of 16 that had been living in these villages for more than 10 years were recruited. Demographic survey questionnaires were completed, and physical examination and X-rays were used to diagnose SF. The questionnaires included questions about name, age, sex, ethnicity, economic income, education, disease history, and brick tea drinking habits, including brick tea type, volumes consumed and frequency. A total of 859 participants were recruited and provided their water used to brew brick-tea, blood and urine for polymorphism analysis and fluoride determination.
The study was conducted under the approval of the ethical review board of Harbin Medical University (HMUIRB20120021). All subjects signed informed consent forms.
Diagnosis of SF
SF was identified according to the Chinese Diagnostic Criteria of Endemic SF (WS192-2008, China) [30] using a diagnostic X-ray machine (Beijing Longsafe Imaging Technology Co., Beijing, China). Subjects without fluorosis were included in the controls group, and SF patients were allocated into the cases group. Three degrees of SF (mild, moderate and severe) were differentiated. Details on these categories can be found in our previous study [16] .
Assessment of water and urine samples
Urine samples and brick-tea water were stored at -20˚C until detection. F-ion selective electrode (Yingke Crystal Materials Company, Hunan, China) was used by the Institute for Endemic Fluorosis Control at the Center for Endemic Disease Control (CDC) in China to analyze the fluoride concentration. All samples were measured in duplicate in two independent aliquots. The mean concentration between these two measurements represents the final fluoride concentration.
The analysis of the brick-tea water samples was performed according to a standardized method (GB19965-2005, China) [31] . The brick-tea water fluoride intake (IF) of all participants was classified into low exposure (less than 3.5 mg/d), intermediate exposure (3.5-7.0 mg/d) and high exposure (more than 7.0 mg/L). The urine samples were analyzed by a standardized method (WS/T89-2006, China) [32] . The urine fluoride (UF) concentration for all participants were categorized into the low load (less than 1.6 mg/L), intermediate-load (1.6-3.2 mg/L) and high-load (more than 3.2 mg/L).
genotyping. The sequence analysis was performed at the Shanghai Fenglin Clinical Laboratory [33] . The primer sequences for PRL rs1341239 were as follows:
Blinded blood duplicates were used for the sequencing quality control.
Statistical analysis
The S1 Data was used as a database for this study. The statistical analysis was carried out using SPSS Statistics 19.0 (IBM). The significance level was set at 0.05. Differences between cases and controls were tested by Pearson's chi-square test. Genotypes were tested for their Hardy-Weinberg equilibrium (HWE) among all controls or each ethnicity controls with a two-sided χ 2 test.
A binary logistic regression model was used to analyze the association of SNP variants and fluorosis condition. Fluorosis risk was calculated by computing odds ratios (ORs) and 95% confidence intervals (CI) with adjustment for age, sex, UF, IF or ethnicity.
Results
General characteristics
X-ray diagnoses of cases showing different degrees of SF are presented in Fig 1. General characteristics of the 859 participants are presented in Table 1 . Compared to the controls, more males were investigated in SF cases (p = 0.01), although we only observed this phenomenon in Tibetan subjects (p = 0.018). In Kazakh subjects more females were found in the SF cases, compared to the controls, but there is no significant difference (p = 0.066). Patients were significantly older than the controls (p<0.0001) and this phenomenon occurred in Tibetan subjects (p<0.0001), Kazakh subjects (p = 0.035) and Mongolian subjects (p = 0.017). SF patients ingested more fluoride (p = 0.007) and this phenomenon was also observed in Tibetan subjects (p = 0.011) and Mongolian subjects (p = 0.015). SF patients had a higher fluoride load (p = 0.001) as observed this phenomenon in Tibetan subjects (p = 0.013) and Mongolian subjects (p = 0.001). Moreover, we observed significant differences among three ethnical cases.
Allele and genotype frequencies
All of the participants were found to be in HWE. The frequency of T allele homozygotes in rs1341239 was low and GT and TT were grouped together. According to the absence or presence of the T allele, GG or GT/TT groups were divided. Table 2 shows the occurrence of genotype and allele frequencies of the PRL rs1341239 polymorphism in three ethnical subjects. The genotype frequencies of PRL rs1341239 among three ethnical subjects showed significant differences (p<0.001).
Association of PRL polymorphisms with skeletal fluorosis
The analysis of the potential association between genotypes and fluorosis is summarized in Table 3 . Overall, we did not observe significant differences between cases with GG genotype and GT/TT genotype. After stratification by ethnicity, Kazakh subjects who carried the T allele had a tendency towards a decreased risk of SF (p = 0.051) in comparison to the GG genotype. Significant differences for the other two ethnic groups were not observed (Table 3) . We explored the potential for an interaction of rs1341239 and age (Table 4) . For all of the subjects, a decreased risk of SF among carriers of the T allele was limited to~45 group (p = 0.021). The phenomenon was only observed in Kazakh subjects (p = 0.013).
Moreover, we explored the associations between PRL rs1341239 genotype and gender (Table 5) . No significant differences were detected for carrying the T allele. After stratified by ethnicity, a decreased risk of SF was observed among Kazakh female participants carrying T allele (p = 0.016).
Furthermore, we analyzed the interactions between PRL rs1341239 and fluoride exposure (Table 6 ). After stratification by IF, no significant differences were detected for carrying the T allele. Further stratification by ethnicity showed, a decreased risk of SF among Kazakh participants carrying T allele. This finding was limited to the low exposured group (p = 0.003).
The interactions between PRL rs1341239 and fluoride load were investigated (Table 7) . For all of the subjects, a decreased risk of SF among carriers of the T allele was limited to the intermediate-load group (p = 0.035). This phenomenon was also observed in Kazakh subjects (p = 0.037). The interosseous membrane in the forearm or lower leg bone was mildly ossified with rough edges (arrows). Moderate (e) and (f): The radial crest and the border were enlarged; the interosseous membrane in the forearm or shin was ossified with serration or wave edge (arrows). Severe (g) and (h): The radial crest was enlarged and the border was obviously enlarged so that ulna and elbow joints presented severe degenerative changes; the interosseous membrane in the forearm or shin was obviously ossified with large shape (arrows).
doi:10.1371/journal.pone.0171011.g001
Discussion
Brick-tea type fluorosis is a special type of fluorosis diffused in China, which is hard to prevent or eradicate, because it is almost impossible to change the habit of drinking brick tea water [34] . Excessive fluoride intake from brick tea water is the major risk factor for fluorosis. However, it could not explain the phenomenon that subjects showed different degrees of fluorosis when exposed to the same degree of fluoride [35, 36] . Our previous study showed that the prevalence among five ethnical groups was different. The IF and UF were similar between Tibetan and Kazakh subjects, but Kazakh subjects had a lower prevalence rate [16] . These observations suggested that the individual genetic susceptibility to fluorosis would benefit from further research. Because of the high bone turnover in fluorosis, we hypothesized that bone metabolismrelated genes would be associated with the SF status. Several clinical studies had reported a possible role of PRL in bone development during pregnancy, lactation, or hyperprolactinemia [37] [38] [39] . Recently, human, mouse and rat studies have shown PRL receptor messenger RNA expression and intense of PRL receptor immunoreactivity appearance in various types of skeletal tissues during fetal development [40] [41] [42] [43] [44] [45] . PRL receptors expressed in different tissues and osteoblasts suggested a possible direct action of PRL on bone [43, 46] . Osteoblast-like cells, MG-63 and Saos-2, directly exposed to PRL exhibited lower expression of alkaline phosphatase and osteocalcin mRNA, and a decreased alkaline phosphatase activity [37, 40] . Therefore, PRL could directly inhibit osteoblast function and bone formation. Otherwise, various lymphoid tissues and cells, including spleen, thymus, lymphocytes and macrophages, also express PRL and exert an antocrine action to promote lymphocytes proliferation. Interestingly, in normal immune state, the differentiation and activation of osteoclasts dependent on the nuclear factorκ B receptor activator ligand (RANKL) secreted by osteoblasts binding to nuclear factorκ B receptor activator (RANK) [47] . Nevertheless, in enabled immune system, activated T lymphocytes could express RANKL to affect osteoclasts via the same pathway as previous discription [48, 49] . In summary, PRL may influence on bone metabolism. The PRL rs1341239 SNP is located within 2 kb upstream of PRL, the extrapituitary promoter region, and might have an influence on PRL mRNA expression [22] . This SNP has been found to be correlated to RA and SLE. One study, which included 173 rheumatoid arthritis patients and 123 healthy controls, found evidence that the heterozygous genotype of PRL rs1341239 was associated with increased rheumatoid arthritis risk [19] . Another large study assembled a cohort of 3,405 cases and 4,111 controls, and suggested an association between the PRL rs1341239 T allele and decreased rheumatoid arthritis risk [24] . In the present study, we observed that the genotype frequencies of PRL rs1341239 were different among different ethnical subjects as follows: The T allele (minor) was more common among Kazakh subjects. It is mentioned in our previous study that the prevalence rate of SF in Kazakh subjects is less than that in Tibetan subjects [16] . In the current study, Kazakh participants who carried the T allele had a slightly decreased risk of SF compared to GG genotype, but this tendency was not observed in other ethnic participants with the same allele. In addition, the PRL rs1341239 SNP has been linked to RA and SLE, which are known to be female predominant. So, we explored the associations between PRL rs1341239 genotype and gender. The protective effect of the T allele in PRL rs1341239 against brick-tea type SF was only observed among Kazakh female participants. The genotype frequencies of PRL rs1341239 between female and male Kazakh subjects showed significant differences (p = 0.039): the T allele (minor) was more common among female Kazakh subjects. Moreover, in our study less females Kazakh subjects were found in the SF cases, compared to the controls, although there is no significant difference (p = 0.066). These results suggest that the protective of the T allele in PRL rs1341239 against brick-tea type SF might be present among female Kazakh subjects. However, the female patient from other origins carried the same allele did not present resistance by the statistical analysis. These results suggest that the protective role of the T allele against SF might interfere with fluoride exposure and sample size. Dose and duration of fluoride exposure are the main risk factors related to variations in the clinical presentation [9] . Thus, we further investigated the potential interaction between the PRL rs1341239 SNP and known risk factors or ethnic. Stratification by age or by fluoride load showed that the protective role of the T allele in PRL rs1341239 against SF appeared to be more prominent for subjects aged less than 45 years old or in the intermediate-load group. This was attributed to the reduced risk in Kazakh subjects. Furthermore, the protective effect of the T allele in PRL rs1341239 against brick-tea type SF was detected in Kazakh subjects with less than 3.5 mg/d IF. In conclusion, the protective role of the T allele in PRL rs1341239 against brick-tea type SF appeared to be prominent in the subjects with low fluoride exposure and short exposure duration, especially for Kazakh subjects. However, when these research factors were analyzed simultaneously in other two ethnics, the data became too sparse. Therefore, these findings on the PRL rs1341239 interaction with the risk factors need to be interpreted with deliberation.
In summary, our results suggest that the T allele in PRL rs1341239 decreased the risk of brick tea type SF, especially in female Kazakh subjects. In consideration of the sample size after stratification, a larger investigation should be conducted to obtain more information. In addition, future studies are necessary to clarify the functional role and mechanism of the T allele in PRL rs1341239 on brick tea SF.
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